The search performance for targets is improved when the targets appear in a specific location more frequently than in other locations. Although this phenomenon, called the ''probability cueing effect,'' has been reported in past studies, it is unclear whether probability cueing is driven by statistical learning and/or intertrial facilitation of the target location. We investigated the underlying mechanisms for probability cueing effects by manipulating probabilities and repetitions of the target appearance at each target location. The first experiment demonstrated that the reaction time benefits of both statistical learning and intertrial facilitation contributed to the probability cueing effect. In contrast, the second and third experiments demonstrated that the probability cueing effect did not occur when target location repetitions on consecutive trials were fully or partially restricted. Also, any intertrial facilitation effects disappeared if there were more than one intervening trials. These results suggest that consecutive target location repetitions throughout the experiment facilitate learning of the target location probability.
Introduction
Objects in a natural scene are usually expected to be unevenly distributed across the visual field (Biederman, 1972; Chun & Jiang, 1998; see Chun (2000) for review). As is the case with explicit arrow and salient flash stimuli (e.g., Geng & Behrmann, 2005; Posner, 1980) , or gaze direction (e.g., Friesen & Kingstone, 1998; Yokoyama et al., 2011) , we can use the uneven distributions of object locations as attentional cues. For example, when looking for food in the refrigerator, we know where the food is explicitly or implicitly, and decide where to look on the basis of this knowledge. This phenomenon, called the ''probability cueing effect,'' probably results from the regularities of the target location that are processed through experience (Geng & Behrmann, 2002) . Probability cueing can effectively guide our attention to locations where the targets are likely to appear.
To the best of our knowledge, the underlying mechanisms for probability cueing effects remain unclear. Shaw and Shaw (1977) reported that target location probability modulated the allocation of attention. Their task was to search and discriminate a single target letter appearing anywhere in eight locations arranged in a circle. Target location probabilities were 25% in two locations, 10% in four other locations, and 5% in the remaining two locations. They indicated that participants were able to allocate their cognitive resources by adjusting to the probability distributions of the target locations. Geng and Behrmann (2002) measured the effect of probability cueing by quantitative manipulation of the target location probability. Their task was to search and discriminate a target letter among five distractors. Eighty percent of the targets appeared anywhere on one half side, and 20% appeared on the other half side. They found that participants improved their search performance for targets occurring at a high-probability location in comparison with their search performance for targets at a lowprobability location. More recent studies have reported that the effects of probability cueing can be robustly observed for various types of psychological experiments, including visual search tasks (Fecteau, Korjoukov, & Roelfsema, 2009) , target discrimination tasks (Druker & Anderson, 2010) , and saccade tasks (Liu et al., 2010; Sayim et al., 2010) . In these studies, probability cueing effects were explained as statistical learning effects that reflect relatively long-term learning of the target appearance (Druker & Anderson, 2010; Fecteau, Korjoukov, & Roelfsema, 2009; Geng & Behrmann, 2002 , 2005 Girshick, Landy, & Simoncelli, 2011; Hoffmann & Kunde, 1999; Miller, 1988 ).
An alternative hypothesis was proposed for explaining probability cueing effects. Walthew and Gilchrist (2006) suggested that probability cueing effects could be explained as intertrial facilitation effects for the target location; this is also referred to as short-term facilitation by target location repetitions (Hillstrom, 2000; Maljkovic & Nakayama, 1996; Rabbitt, Cumming, & Vyas, 1979) . Walthew and Gilchrist (2006) set two conditions of target location repetitions in one of their experiments. In the first condition (repeats), the target was likely to appear at one side of the display and the target location could repeat in consecutive trials. In the second condition (non-repeats), although the probability manipulation was the same as that of the first condition, no target location was repeated within a series of four trials. In this experiment, they confirmed that no probability cueing effect occurred when repetitions of target locations on consecutive trials were restricted. Thus, the authors claimed that probability cueing effects are by-products of intertrial facilitation by target location repetitions.
No consensus has been reached about the need for target location repetition in probability cueing. Druker and Anderson (2010) examined probability cueing effects in a target discrimination task having a ''hotspot,'' which is an area that the target is likely to appear around, but no target location was repeated. Probability cueing effects were observed without target location repetitions. Thus, the authors argued that target location probability could be learned and intertrial facilitation by target location repetitions was not a sufficient explanation for probability cueing effects.
However, these two hypotheses are not mutually exclusive. The recent literature on decision making in visual search suggests both long and short-term effects from trial history (Ishibashi, Kita, & Wolfe, 2012; Wolfe & Van Wert, 2010) . More direct evidence is a recent finding of Brascamp, Pels, and Kristjánsson (2011) that multiple priming effects of transient and more sustained components were reflected pop-out visual search performance. That is, statistical learning and intertrial facilitation may interact and both contribute to probability cueing effects. In the present study, to clarify this possibility, we investigated if the probability cueing effect depends on both target location probability and repetition, and if so, how they collaborate to cause the effect.
Some recent studies have started to focus on the interaction of probability and repetition. Geng and Behrmann (2005) reported that the facilitation effect by target repetition was larger for targets in a high-probability location than those in a low-probability location. Although they found an interesting interaction, the role of repetition for probability cueing was unclear because they did not manipulate the nature of repetition in their experiments. Walthew and Gilchrist (2006) investigated the role of repetition for probability cueing by manipulating both target location probability and repetition. However, they manipulated the probability and repetition at different levels. In their experiment, the probability manipulation was implemented across the left and right sides of a display, and the repetition manipulation was implemented across eight target locations. In the experimental setting, it was difficult to test the effects of statistical learning and intertrial facilitation at each target location. Thus, in our experiments reported here, to compare both effects directly, both the probability and the repetition manipulations were implemented at each target location.
In addition, because past studies did not investigate the time course of statistical learning and intertrial facilitation effects, it is unclear how many trials are required for the effects to occur (Druker & Anderson, 2010; Geng & Behrmann, 2002 , 2005 Walthew & Gilchrist, 2006) . Thus, in this study, we analyzed the sequential change of the mean reaction times (RTs) for every 20 trials and explored when probability cueing effects start to occur.
In Experiment 1, we explored the RT benefits from target location probability and repetition to dissociate the contributions of statistical learning and intertrial facilitation from the probability cueing effects. If the two mechanisms support the probability cueing effects, the facilitation of target processing would depend on both target location probability and repetition. In Experiments 2 and 3, we restricted the target location repetitions throughout the sessions to test whether probability cueing effects occur without intertrial facilitation. If intertrial facilitation plays a key role in probability cueing, statistical learning-based facilitation would not be observed.
Experiment 1
In Experiment 1, we examined whether both statistical learning and intertrial facilitation would cause probability cueing effects for the target location. To test the effect of statistical learning, target location probability was manipulated to be higher at a particular location (one of four quadratures) than at the other locations. In addition, to test the effect of intertrial facilitation, target location repetition was manipulated to occur equally, regardless of target location probability.
Method
Sixteen undergraduate and graduate students (12 females and 4 males, age 21-31) from Kobe University participated in Experiment 1 for course credit or as volunteers. All reported normal or corrected-to-normal vision. Each participant gave informed consent after the nature of the study had been explained. Stimuli were displayed on a 19-in. SVGA color monitor operating at 99.9 Hz. The viewing position was maintained at 57 cm. The experiment was controlled by a Pentium-based computer running SuperLab software, and RTs were collected using a computer keyboard. ) and subtended 1°Â 1°of the visual angle. The letter T was always a target and was rotated 90°to either the left or the right side from the upright orientation. Three rotated Ls were distractors. The target and the distractors were simultaneously presented in the placeholders in every trial. Participants were instructed to press the ''1'' key on the number pad if the letter T was rotated to the left and the ''2'' key if it was rotated to the right. All the participants used their right hand to respond and were instructed to do so as quickly and accurately as possible. Each participant completed five blocks for a total of 400 experimental trials. Fig. 2 illustrates the probability and repetition manipulations across the target locations. There were four possible target locations on the display. The targets appeared in one of the four locations (''frequent'' location) in 40% of the trials and in each of the other three locations (''infrequent'' locations) in 20% of the trials for a total of 60%. The frequent location was counterbalanced across participants, and the participants were not informed about this manipulation of target location probability. The target location in each trial was selected in a pseudorandom manner. The target Fig. 1 . Example of the stimuli and a trial procedure. Items appeared 700-850 ms after participants pressed the space bar. Participants were instructed to respond manually to indicate whether the letter T was rotated 90°to the right or the left.
locations repeated the previous target location in some trials, but did not repeat in other trials. Target location repetitions were presented in up to three consecutive trials. Our preliminary experiment confirmed that the number of repetitions was adequate for observing improved performance by intertrial facilitation effects. Trials in which a target location was identical to that of the previous trial were referred to as ''repeated'' trials, and trials in which a target location was not identical to that of the previous trial were referred to as ''non-repeated'' trials. Targets appeared at the frequent location in 70 repeated and 90 non-repeated trials, and at each infrequent location in 35 repeated and 45 non-repeated trials. The design of the experiment was within-participant 2 (target location probability: frequent vs. infrequent) Â 2 (target location repetition: repeated vs. non-repeated) Â 5 (block: 1-5).
Results
The mean error rate was 4.7%. RTs more than 3 SDs from the condition mean of the correct trials were excluded. The data analyses were based on the mean RTs from the remaining trials. The mean RTs for all conditions are shown in Fig. 3 . A three-way (target location probability Â target location repetition Â block) repeated measures analysis of variance (ANOVA) was performed. The main effects of target location probability, F(1, 15) = 15.1, p < 0.01 ðg 2 p ¼ 0:50Þ, target location repetition, F(1, 15) = 83.2, p < 0.01 ðg 2 p ¼ 0:85Þ, and block, F(4, 60) = 14.9, p < 0.01 ðg 2 p ¼ 0:50Þ were significant. In addition, the three-way interaction, F(4, 60) = 3.70, p < 0.01 ðg 2 p ¼ 0:20Þ, and the two-way interaction of target location probability Â target location repetition, F(1, 15) = 6.34, p < 0.05, ðg 2 p ¼ 0:30Þ, were significant. The other two-way interactions were not significant, target location probability Â block, F(4, 60) = 1.06, target location repetition Â block, F(4, 60) = 0.82. Post hoc tests (Tukey's honestly significant difference (HSD); p < 0.05) revealed that in repeated trials, probability cueing effects (i.e., RTs in the frequent location were significantly shorter than those in the infrequent locations) were observed in only the second block, but in the non-repeated trials, the effects were observed in the first, third, and fifth blocks, and were marginally significant (p = 0.07) in the fourth block (Fig. 3A) . In addition, throughout the experiment, the RTs for repeated trials were significantly shorter than those for non-repeated trials, and the RTs for frequent trials were significantly shorter than those for infrequent trials in both repeated and non-repeated conditions (Fig. 3B) . These results suggest that both statistical learning and intertrial facilitation effects contribute to the probability cueing effect.
A separate ANOVA, with the factors of target location probability (frequent, infrequent) and number of target repetition (two consecutive trials, there consecutive trials), was performed to examine the cumulative priming effects. The main effects of target location probability, F(1, 15) = 11.7, p < 0.01 ðg 2 p ¼ 0:44Þ, and number of target repetition, F(1, 15) = 16.1, p < 0.01 ðg 2 p ¼ 0:52Þ were significant, but the interaction was not significant, F(1, 15) = 0.46, with faster RTs on three relative to two consecutive target repetitions in both frequent and infrequent target probability conditions (494 ms and 483 ms for frequent-two and frequent-three consecutive repetition conditions, 525 ms and 509 ms for infrequent-two and infrequent-three consecutive repetition conditions). This result showed that target location repetitions on consecutive trials occurred the cumulative priming effects. Fig. 2 . Example of probability and repetition manipulations. The bar colors indicate the target location in each trial. A frequent location is depicted in yellow, and infrequent locations are depicted in red, green, or blue for descriptive purposes. Targets were likely to appear in the frequent location twice as often as each infrequent location. In Experiment 1, the targets repeated in the previous target location in some trials (repeated trials, indicated in gray), and did not repeat in other trials (non-repeated trials, indicated in white). In Experiment 2, the target always appeared in a different location from the previous target location. (For interpretation of the references to color in this figure legend, the reader is referred to the web version of this article.) To investigate when the probability cueing effect occurred, we divided the trial sequence into 20 blocks of 20 trials and analyzed the sequential RT change (Fig. 4) . A two-way (target location probability Â trial sequence) repeated measures ANOVA was performed. The main effects of target location probability, F(1, 15) = 14.7, p < 0.01 ðg 0025 showed that the frequent location RT was significantly shorter than the infrequent location RT in the trial ranges of 81-100, 161-180, 241-260, and 381-400. Although the data in this analysis were unstable because of the small number of samples in each condition, the result suggests that the probability cueing effect occurred at least after the 80th trial from the beginning of the task.
Unlike recent previous studies, we manipulated both the probability and the repetition of the target location as experimental factors in a single experiment. As a result, we observed simultaneous statistical learning and intertrial facilitation effects. This result is consistent with suggestions that multiple processes might interact to produce the same facilitation effects (Rabbitt, Cumming, & Vyas, 1979; Shore & Klein, 2000) . Our results showed that the RTs for infrequent Â repeated trials were shorter than those for frequent Â non-repeated trials, suggesting that intertrial facilitation brings about a larger attentional benefit than does statistical learning. This finding agrees with the robustness of intertrial facilitation effects reported in several studies investigating the spatial priming in a visual search (Campana & Casco, 2009; Geng et al., 2006; Geyer, Müller, & Krummenacher, 2007; Maljkovic & Nakayama, 1996) .
Even though the results in Experiment 1 indicate that the probability cueing effect was due to the effects of both statistical learning and intertrial facilitation, the finding raises an obvious new question: What is the role of target location repetitions for probability cueing? We hypothesized that target location repetitions could facilitate statistical learning. If so, when targets do not continuously appear at one location throughout the experiment, the probability cueing effect might not occur because the absence of repetition inhibits even statistical learning. In a second experiment, we explored whether statistical learning would occur without intertrial facilitation; that is, whether the probability cueing effect would be observed.
Experiment 2
In Experiment 2, we investigated whether the probability cueing effect would occur without intertrial facilitation by target location repetitions. In the experiment, the target location in each trial differed from that of the previous trial to exclude intertrial facilitation (Fig. 2) . In this way, the manipulation should allow only statistical learning to occur. If target location repetitions produce nothing but facilitation effects unrelated to probability cueing, the probability cueing effect would occur. However, if target location repetitions have a certain role for probability cueing, the effect would not occur.
Method
Twelve undergraduate and graduate students (7 females and 5 males, ages 20-30) from Kobe University participated for course credit or as volunteers. All reported normal or corrected-to-normal vision. Each participant gave informed consent after the nature of the study had been explained. The stimuli and procedure were the same as in Experiment 1 except for the sequential manipulation of target locations. In Experiment 2, a target always appeared in a different location from the immediately preceding trial; that is, all trials were non-repeated trials (Fig. 2) . This manipulation prevented the target location sequences from bringing about intertrial facilitation effects by repeating target locations in consecutive trials. The trial sequence in this experiment did not have any specific regularity except for the target location probability and the restriction of consecutive target location repetitions. The design of the experiment was within-participant 2 (target location probability: frequent vs. infrequent) Â 5 (block: 1-5).
Results
After completing the task, although we asked participants whether they were aware of any regularity about the experiment, no one reported the nature of target location repetitions. The mean error rate was 4.2%. RTs more than 3 SDs from the mean of correct trials were excluded. The data analyses were based on the mean RTs from the remaining trials. The mean RTs for frequent and infrequent trials are shown in Fig. 5 . A two-way (target location probability Â block) repeated measures ANOVA was performed. Only the main effect of the block was significant, F(4, 44) = 9.96, p < 0.01 ðg 2 p ¼ 0:48Þ. The main effect of target location probability, F(1, 11) = 1.12, and the interaction was not significant, F(4, 44) = 0.34. Post hoc Tukey HSD tests revealed that the RTs in the fifth block were significantly shorter than those in the first and second blocks, and the RTs in the third and fourth blocks were significantly shorter than those in the first block (Fig. 5A) . No significant difference existed between the RTs in frequent and infrequent locations (Fig. 5B) .
Other previous research indicated that the intertrial facilitation effect persisted even with intervening trials in different locations (Maljkovic & Nakayama, 1996) . Although we restricted target location repetitions, intertrial facilitation effects might occur and persist after the intervening trials. To assess the effects, we examined whether the number of intervening trials influenced the RTs. We picked the trials in which the targets appeared in the frequent location after one or two intervening trials in the infrequent locations, and compared the RTs. A t test revealed no statistical difference between the RTs, t(11) = 1.87. In addition, neither of the sets of RTs was significantly different from the RTs in the infrequent locations (one trial intervention vs. infrequent, t(11) = 1.43, two trials intervention vs. infrequent, t(11) = 0.87). The result in this experiment suggests that restriction of continuous target location repetitions strongly inhibits intertrial facilitation effects. In this way, our data did not replicate previous studies investigating intertrial facilitation effects could persist over several intervening trials (Brascamp, Pels, & Kristjánsson, 2011; Maljkovic & Nakayama, 1996) .
In this experiment, the RT difference between the target location probability conditions disappeared by the restriction of the target location repetitions. The result is consistent with the finding that the probability cueing effect did not occur in the absence of intertrial facilitation (Walthew & Gilchrist, 2006) . We confirmed the statistical learning effects as well as the intertrial facilitation effects occurred in Experiment 1. Therefore, the fact that the statistical learning effect disappeared in Experiment 2 suggests that target location repetition plays an important role to induce not only intertrial facilitation, but also statistical learning.
Even though the results in Experiment 2 indicate that restriction of target location repetitions eliminates probability cueing effects, another type of learning could be occurring. In Experiment 2, the targets never repeated in the same location twice in a row. Thus, participants might learn a rule to apply to different locations from the previous target location, and this learning might overshadow probability cueing effects. To rule out the possible confounds, we designed Experiment 3.
Experiment 3
Although the results of Experiment 2 showed that restriction of target location repetition inhibited not only the intertrial facilitation effect but also the statistical learning effect, the participants' expectations that the target locations never repeated in a row might interfere with the probability cueing effect. To rule out this possibility, we designed an additional experiment that prevented participants from expecting the target to always appear in a different location from that in the previous trial. In Experiment 3, two types of blocks were used: those including repeated and nonrepeated trials (referred to as ''repeated blocks'') and those including non-repeated trials only (referred to as ''non-repeated blocks''). These were presented to the participants in an unexpected manner. If target discrimination is facilitated by learning the rule that the target locations never repeat, the RTs in the non-repeated blocks would be shorter than the repeated blocks, since the participants could effectively eliminate one location from possible target locations in each trial. However, if such a rule is not learned, the RTs in the non-repeated blocks would be longer than the repeated blocks since intertrial facilitation effects would be inhibited.
Method
Fourteen undergraduate and graduate students (11 females and 3 males, ages 18-30) from Kobe University participated for course credit or as volunteers. All reported normal or corrected-to-normal vision. Each participant gave informed consent after the nature of the study had been explained. The stimuli and procedure were the same as in Experiments 1 and 2 except for the number and combination of trial blocks. Experiment 3 had four blocks and consisted of two types of trial blocks: repeated blocks and nonrepeated blocks. The repeated blocks were the same as those in Experiment 1 and included both repeated trials and non-repeated trials. The non-repeated blocks were the same as those in Experiment 2 and included non-repeated trials only. Frequent and infrequent target locations were identical throughout all blocks. Participants were not informed about the manipulation of the trial sequence of each block. The order of the blocks was arranged as ABBA or BAAB to prevent participants from expecting the nature of each block. The design of the experiment was within-participant 2 (target location probability: frequent vs. infrequent) Â 2 (block type: repeated vs. non-repeated).
Results
After completing the task, although we asked participants whether they were aware of any regularity about the experiment, no one reported the nature of target location repetitions. The mean error rate was 5.6%. RTs more than 3 SDs from the mean of correct trials were excluded. The data analyses were based on the mean RTs from the remaining trials. The mean RTs for frequent and infrequent trials are shown in Fig. 6 . A two-way (target location probability Â block type) repeated measures ANOVA was performed. Only the main effect of block type was significant, F(1, 13) = 5.35, p < 0.05 ðg 2 p ¼ 0:29Þ. The main effect of target location probability, F(1, 13) = 1.02, and the interaction was not significant, F(1, 13) = 2.57. The RTs in the repeated blocks were significantly shorter than those in the non-repeated blocks (Fig. 6A) . However, no significant difference existed between the RTs in frequent and infrequent locations.
There were virtually two groups with the different block organizations of ABBA (configuration 1) and BAAB (configuration 2) in the case where A is the repeated block and B is the non-repeated block. We also analyzed the interblock RT changes of these two groups in the block presentation order (Fig. 6B) . Mixed design ANOVA with the factors of group (configuration 1, configuration 2), target location probability (frequent, infrequent) and block (1-4) revealed that any main effects and interactions were not significant, although the main effect of the block, F(3, 36) = 2.62, p = 0.07 ðg 2 p ¼ 0:18Þ, the group Â target location probability interaction, F(1, 12) = 3.74, p = 0.08 ðg 2 p ¼ 0:24Þ and the group Â block interaction, F(3, 36) = 2.54, p = 0.07 ðg 2 p ¼ 0:17Þ were marginally significant.
In Experiment 3, probability cueing effect did not occur and the RTs in the non-repeated blocks were significantly longer than those in the repeated blocks. These results suggest that the rule that target locations never repeat does not make search performance more efficient, but restriction of target location repetitions does inhibit learning of the target location probability. Indeed, as with Experiment 1, cumulative priming effect was observed in the repeated blocks because the RTs for repeated trials were significantly shorter than those for non-repeated trials, t(13) = 5.18, p < 0.01 (523 ms and 575 ms for repeated and non-repeated trials). However, the RTs in the non-repeated blocks were further longer than the RTs for non-repeated trials in the repeated blocks, t(13) = 5.78, p < 0.01 (631 ms and 575 ms for trials in the non-repeated blocks and non-repeated trials in the repeated blocks). Therefore, faster performance in the repeated blocks was observed even if cumulative priming effects were eliminated. This result supports that the intertrial facilitation by position priming is not necessarily due to better performance in the repeated blocks.
Another interesting result of this experiment was that the probability cueing effect was not observed even in the repeated blocks. This result suggests that the insertion of non-repeated blocks interfered with the learning of target location probability throughout the experiment. In addition, probability cueing effects were more unlikely to occur when the non-repeated block came first than when the repeated block came first. Therefore, whether there is target location repetition early in a task might be necessary to induce learning of target location probability.
Discussion
The present experiments were designed to test the relationship of statistical learning and intertrial facilitation to probability cueing. We manipulated the probabilities and repetitions of the target appearance at each target location and compared the target search RTs. In Experiment 1, the probability cueing effect was observed regardless of whether target locations were consecutively repeated. Thus, we confirmed not only intertrial facilitation effects by target location repetitions, but also statistical learning effects by target location probabilities on the target search RTs. However, in Experiment 2, the probability cueing effect was not observed when target location repetitions in consecutive trials were restricted. In Experiment 3, the probability cueing effect was not observed even in the repeated blocks by inserting the restriction of target location repetitions.
Our results indicate that target location repetition and target location probability play an important role in probability cueing. The results are consistent with the results of Walthew and Gilchrist (2006) ; that is, no statistical learning effect occurs when target location repetitions are restricted. However, unlike Walthew and Gilchrist (2006) , we cannot conclude that the probability cueing effect is the by-product of short-term target location repetitions. We observed significant effects of both statistical learning and intertrial facilitation for the probability cueing in Experiment 1. The rates of target repetition in frequent and infrequent locations were manipulated to be equal in Experiment 1. Thus, if the probability cueing effect came from intertrial facilitation only, the difference between the RTs in frequent and infrequent locations would never be observed. In this sense, the difference of the RTs on the basis of target location probability indicated an adequate statistical learning effect. However, because the restriction of target location repetitions inhibited statistical learning in Experiment 2, we do not believe that intertrial facilitation only brings an additional facilitation effect. Also, because probability cueing did not occur even in the repeated blocks by inserting the non-repeated blocks, it might be important for the learning of target location probability that target location repetitions exist throughout the experiment. Our results in this study consistently suggest that target location repetition is a necessary requirement for the probability cueing effect.
The analysis of the sequential RT change in Experiment 1 also supports the idea that consecutive target location repetitions throughout the experiment are important for the learning of target location probability. In Experiment 1, it took a much longer time for the cueing effect to occur in comparison with some previous studies. This fact suggests that the probability cueing effect cannot be explained as a simple intertrial facilitation effect (Maljkovic & Nakayama, 1996) and needs more time to occur than do other types of statistical learning effects, for example, the regularity between cues and targets (Kristjánsson, Mackeben, & Nakayama, 2001; Kristjánsson & Nakayama, 2003) . In this study, because of the small number of data, strong evidence could not be provided. Further investigations are needed to clarify the similarities and differences between probability cueing effects and other types of statistical learning effects.
Especially in this study, we demonstrated the importance of consecutive target location repetitions for the facilitation effects related to the trial history. In Experiment 2, the probability cueing effect was not observed when consecutive target location repetitions were entirely restricted. Previous studies reported that intertrial facilitation effects persisted for a longer range of trials (Maljkovic & Nakayama, 1996; see Kristjánsson (2008) for review). However, some studies reported that the largest facilitation effect was observed when the current target location was consistent with that of immediately preceding trial (Maljkovic & Nakayama, 1996; Walthew & Gilchrist, 2006) . Regardless of the probability manipulation, consecutive target location repetitions usually exist in a natural trial sequence. The consecutive repetitions might be deeply involved with the occurrence of sustainable intertrial facilitation across multiple trials and stable statistical learning. Geng and Behrmann (2005) reported interesting evidence about the relationship between probability cueing and target location repetitions. They indicated that repetition priming effects persisted for longer trials when the target location probability was uneven in each location than when it was even. Also, they speculated that the mechanisms of probability cueing and repetition priming have similar characteristics, and the spatial probability effect emerges from repetition priming. These ideas are consistent with our results. In addition, our study clearly suggests the relationship between both mechanisms of intertrial facilitation and statistical learning of the trial history of the target location, and thus demonstrates that consecutive target location repetitions facilitate learning of the target location probability.
Even in Experiments 2 and 3, the RTs for the frequent location were slightly shorter than those for the infrequent location, although the difference was not statistically significant. However, even if they were evidence of probability cueing effects, the effects were quite smaller and slower than those in Experiment 1. These differences across the experiments also suggest that consecutive target location repetitions facilitate probability cueing effects. In fact, 13 of the 16 participants demonstrated a trend in the direction of the probability cueing effect in Experiment 1, whereas only half of the participants (6 of the 12 in Experiment 2, 7 of the 14 in Experiment 3) demonstrated the same trend. Thus, the RT distributions in Experiment 1 were quite smaller than those in Experiments 2 and 3. These results also suggest that the existence of consecutive target location repetitions throughout the experiment helped most participants consistently learn the regularities of target locations.
Although the present experiments revealed the involvement of two mechanisms and the need of intertrial facilitation for probability cueing, past studies emphasized statistical learning and underestimated the influences of intertrial facilitation (Druker & Anderson, 2010; Hoffmann & Kunde, 1999; Sayim et al., 2010) . The difference could be due to the number of spatial target locations in search displays. Intertrial facilitation effects have often been reported in experiments having displays with few spatial target locations (Geng et al., 2006; Geyer, Müller, & Krummenacher, 2007; Maljkovic & Nakayama, 1996) , whereas statistical learning effects have been supported by experiments having displays of relatively large numbers of spatial target locations (Druker & Anderson, 2010; Fecteau, Korjoukov, & Roelfsema, 2009) . The mechanisms for the probability cueing effect could depend on the spatial structure of the search displays.
To conclude, we showed the mechanisms of statistical learning and intertrial facilitation due to the probability cueing of the target location (Experiment 1), and the inhibition of the probability cueing effect by restriction of target location repetitions (Experiments 2 and 3). These results validate that intertrial facilitation based on target location repetition facilitates attentional deployment based on learning of target location probability.
